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CHG DATE=19990617 STATUS=0> An latch circuit includes an 
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receiving electrical signals from a bus, a latch for 
conducting electrical 

signals from the precharged bus to a receiving circuit, and 
a structure for 

enabling the latch only when data is driven onto the bus. 
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© Data latching. 



© An latch circuit includes an input line receiving electrical signals from a bus, a latch for conducting electrical 
signals from the precharged bus to a receiving circuit, and a structure for enabling the latch only when data is 
driven onto the bus. 
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This application is related to the following patent applications: 



US SERIAL NO 


TITLE 


EP APPLICATION NO 


08/006745 
08/006744 
08/007073 


Combination Prefetch Buffer and Instruction Cache 
Data Cache Reloading System and Method 
Dram Access System and Method 


(our reference HRWyTT0138/BEP) 
(our reference HRW/TT01 68/BEP) 
(our reference HRW/TT0169/BEP) 



Our above listed European Patent applications are all filed on the same date as this application and are 
all hereby incorporated herein by reference as if reproduced in their entirety herein. 

The present invention relates to data caching in digital circuits and may provide power saving features 
in precharged bus circuitry. 

As is generally known to those skilled in the art of digital circuit design, the amount of circuitry required 
for a bus used for data transfer may be reduced by use of a precharged bus design rather than a non- 
precharged bus design. Typically, a precharged bus is a bus operated in conjunction with a multi-phase 
clock, on which data may be driven during a data-drive phase, and which is precharged to a precharge level 
(i.e., VDD) during a precharge phase. Those skilled in the art, however, have heretofore encountered 
problems in using the precharged bus when data is latched from the precharged bus to a receiving circuit. 
One problem has been that during a data-drive phase, precharge signals may be conducted to the receiving 
circuit through a latch that is enabled before the precharged bus is driven with valid data. Another problem 
has been that the receiving circuit may receive precharge signals in a data-drive phase during which no 
data is to be driven on the precharged bus. The propagation of precharge signals through the receiving 
circuit, "precharge rippling", may result in unnecessary transitions and invalid data at the output of the 
receiving circuit. The unnecessary transitions cause excess power consumption and additional noise. 

Based on the foregoing, it should be perceived that the use of a precharged bus decreases the amount 
of circuitry required. The use of a precharged bus, however, can result in precharge rippling through the 
receiving circuit which increases power consumption. There has not heretofore been developed a means or 
method for eliminating precharge rippling. Accordingly, it should be perceived that it is a shortcoming and 
deficiency of the prior art that such an apparatus or method has not yet been developed. 

We will describe a system which overcomes the shortcomings and deficiencies of the prior art by 
providing a latch circuit for delaying the latching of data from a bus to a receiving circuit. The latch circuit of 
includes an input line for receiving data from the bus, a latch for conducting electrical signals from the bus 
to the receiving circuit, and a structure for enabling the latch only when data is being driven on the bus 
during a data-drive phase. The structure for enabling may include a data-clock signal that indicates a data- 
drive phase, a data-valid signal that is asserted when data is driven on the bus and a control circuit 
responsive to the data-valid signal and the data-clock signal, the control circuit for delaying the enabling of 
the latch during a data-drive phase until data is driven on the bus. 

The data-valid signal may possess the same timing as the data driven on the bus, and in some 
embodiments of the present invention may be conducted on an extra line of the bus. The extra line may be 
driven by a circuit of the same design as the circuit used to drive the data lines of the bus, and may also 
have the same loading as the data lines. In some embodiments of the present invention, an enable signal 
which enables data to be driven onto the data lines may also be used to enable the assertion of the data- 
valid signal on the extra line. 

In certain embodiments of the present invention, the latch circuit also includes a structure for delaying 
the enabling of the latch until some time after data is driven onto the bus. The structure may include at 
least one inverter connected in series between the extra line carrying the data-valid signal and the control 
circuit input. 

Furthermore, we will describe an apparatus for controlling the receiving of data by a receiving circuit 
from a precharged bus, the apparatus including an input line for receiving data from the precharged bus, a 
latch for conducting electrical signals from the input line to the receiving circuit, and an enabling means for 
enabling the latch such that precharge values are not conducted to the receiving circuit. 

We will describe a method for delaying the latching of data from a bus to a receiving circuit. This 
method provided by the present invention includes the steps of indicating when data may be driven onto 
the bus, generating a data-valid signal that is asserted only when data is driven onto the bus, and latching 
electrical signals from the bus to the receiving circuit only when data may be driven onto the bus and the 
data-valid signal is asserted. 

We will also describe a method for preventing the receipt of precharge values by a receiving circuit 
from a precharged bus. The method provided by the invention includes the steps of generating a data-clock 
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signal that indicates the timing of data-drive phases and precharge phases, asserting an indicator signal 
when data is being driven on the precharged bus, combining the data-clock signal and the indicator signal 
into an enable signal, the enable signal being asserted when data is being driven on the precharged bus 
during a data-drive phase, and enabling the conduction of electrical signals from the precharged bus to the 
5 receiving circuit only when the enable signal is asserted. 

We will describe a latch circuit which delays the latching of electrical signals from a bus to a receiving 
circuit until data is driven on the bus. 

We will also describe a latch circuit for preventing the conduction of precharge signals from a 
precharged bus to a receiving circuit. 
jo We will also describe a system to prevent unnecessary transistor switching within a receiving circuit 
and incorrect data at its output caused by precharge rippling. 

We will also describe a system to reduce power consumption and noise in an electrical system in which 
data is transferred by a precharged bus. 

75 BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, advantages and novel features of the present invention will become apparent from the 
following detailed description of the invention when considered in conjunction with the accompanying 
drawings wherein: 

20 FIG. 1 is a circuit diagram of a typical precharged bus, according to known principles of circuit design; 
FIG. 2 is a circuit diagram of an application of the precharged bus shown in FIG. 1; 
FIG. 3 is a timing diagram useful in explaining the operation of the circuit shown in FIG. 2; 
FIG. 4 is a circuit diagram of a latch circuit constructed in accordance with the principles of the present 
invention; 

25 FIG. 5 is a timing diagram useful in explaining the operation of the latch circuit shown in FIG. 4. 

FIG. 6 is a circuit diagram of an extra bit line constructed in accordance with the principles of the present 
invention. 

DETAILED DESCRIPTION 

30 

Referring now in detail to the drawings, there is shown in FIG. 1 an example of one bit line of a 
precharged data bus as is generally known to those skilled in the art of logic design. The bit line 2 consists 
of a data line 4, a pull-up transistor 6, and a bus driver 8 for each source of data. Each driver 8 has two 
transistors 10 and 12 in series. The precharged data bus operates in conjunction with a multi-phase clock 

35 such that the bus may be precharged (i.e., pulled to a high level) during a precharge phase, and may be 
driven with data during a data-drive phase. The gate of pull-up transistor 6 is connected to a precharge 
phase indicator (shown in FIG. 1 as <t> p ) such that during every precharge phase, pull-up transistor 6 turns 
on and pulls the data line 4 up to VDD. The gate of transistor 10 receives a data-drive phase indicator 
(shown in FIG. 1 as <t> d ) ANDed with a driver enabling signal (ENABLEn) such that transistor 10 is turned on 

40 during a data-drive phase if that particular driver has been enabled. The gate of transistor 12 receives the 
data to be driven (DATAn) such that transistor 12 is turned on if the data is TRUE, and is turned off if the 
data is FALSE. Thus, it may be seen that the precharged bus in FIG. 1 uses negative logic. If the data is 
TRUE, the bus is pulled to a low level (VSS). If the data is FALSE, the bus is tri-stated and retains its 
precharge value of VDD. 

45 As can be seen from FIG. 1, the drivers required for such a precharged bus need only include two 
series transistors. A non-precharged bus, however, typically requires the driver from each source of data to 
include a sourcing transistor, a sinking transistor, and a method for disabling both transistors. Thus, it can 
be seen that the use of a precharged bus reduces the number of transistors needed in the driver for each 
source of data and, therefore, reduces the design cost. 

so Although the use of a precharged bus can result in significant cost savings, the benefits of such use 
have been diminished by problems associated with latching data from the precharged bus to a receiving 
circuit. Shown in FIG. 2 is an example of a precharged bus used in conjunction with a receiving circuit. The 
example includes data line 4 of a precharged bus, a latch 20, and an asynchronous logic 22 as a receiving 
circuit. The data line 4 is connected to the input of latch 20. The gate of latch 20 is controlled by the DATA 

55 CLOCK signal which is high during each data-drive phase and low during each precharge phase. The 
output of latch 20 is conducted on line 28 and received as LOGIC INPUT by the asynchronous logic 22. In 
response to LOGIC INPUT, the asynchronous logic 22 generates a LOGIC OUTPUT on line 24. 
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When DATA CLOCK is low, the latch 20 is disabled and the signal on data line 4 is not received by the 
asynchronous logic 22. When DATA CLOCK is high, latch 20 is enabled and allows the signal on data line 4 
to pass through the latch 20 and be received by the asynchronous logic 22. It should be noted here that 
DATA CLOCK indicates when data may be driven on the bus, but does not necessarily indicate that data is 

5 being driven on the bus. During any particular data-drive phase, data is usually not driven on the bus until 
some time after the low-to-high transition of DATA CLOCK. During the time that DATA CLOCK is high and 
before data is driven onto the bus, the bus remains at its precharge level. Thus, when DATA CLOCK is 
high, the precharge signal conducted on data line 4 may be latched into and propagate through the 
asynchronous circuit. This precharge rippling may cause unnecessary transistor switching in the asyn- 

70 chronous circuit and may therefore cause excess power consumption and additional noise. Also, the 
precharge rippling may cause invalid data to appear as LOGIC OUTPUT on line 24. 

These problems encountered with the use of a precharged bus in the application shown in FIG. 2 may 
best be explained by referring to the timing diagram shown in FIG. 3. DATA CLOCK is driven high during 
the data-drive phase (indicated by <f> d ) and low during the precharge phase (indicated by 4> p ). During the 

is precharge phases (TP2 and TP4 in FIG. 3), the data bus is precharged to a high level (VDD). During each 
data-drive phase, a data source may drive data onto the data line 4, which data may be latched into 
functional blocks such as the asynchronous logic 22 shown in FIG. 2, and used for operation or calculation 
by that functional block. In FIG. 3, it is assumed that data is being driven during periods TP1 and TP3. It is 
possible, however, that no data is driven by any source during a data-drive phase, as shown in period TPS, 

20 in which case the data bus will remain at the precharge value of VDD. 

During TP1, a low signal is driven on the data line 4 and ripples through the asynchronous logic 22 
resulting in a change in LOGIC OUTPUT on line 24. The asynchronous logic and its output then remains 
unchanged until time to when DATA CLOCK is driven high enabling latch 20. Because DATA CLOCK 
enables latch 20 while the data bus still retains its precharge value, the input to the asynchronous logic 22 - 

25 (LOGIC INPUT) transitions from low to high at time to. The precharge value then propagates through the 
asynchronous logic. This precharge rippling may result in the switching of transistors within the asyn- 
chronous logic and a change in LOGIC OUTPUT shown in FIG. 3 as occurring at time ti . Valid data does 
not appear as LOGIC INPUT until time k, after which time the valid data propagates through the 
asynchronous logic resulting in a correct LOGIC OUTPUT at time ta. The switching of transistors within the 

30 asynchronous logic from the time the precharge value is received (to), until the time the valid data is 
received (t2> is unnecessary and results in excess power consumption. Also, the value appearing as LOGIC 
OUTPUT between times ti and ta is a result of the precharge rippling and may be invalid. 

Another instance of undesirable precharge rippling may occur when no data is driven onto the data bus 
during a data-drive phase, as shown in the period TPS in FIG. 3. By the beginning of TPS, the 

35 asynchronous logic has responded to the data that was driven during TP3. At time U, latch 20 is enabled by 
DATA CLOCK going high, and the precharge value is received by and ripples through the asynchronous 
logic 22 which may cause LOGIC OUTPUT to change at time fe. This change in the asynchronous logic 22 
is also unnecessary and power consuming, and results in invalid data appearing as LOGIC OUTPUT. 

Based on the foregoing, it should be perceived that the use of a precharged bus decreases the amount 

40 of circuitry required. The use of a precharged bus, however, can result in precharge rippling through a 
receiving circuit such as asynchronous logic 22 which increases power consumption and results in invalid 
data appearing at the output of the receiving circuit. 

It should be noted here that although this and subsequent examples utilize a two-phase clock, the 
precharged bus may utilize any multi-phase clock. 

45 Shown in FIG. 4 is an example of a latch circuit 30 designed in accordance with the principles of the 
present invention for delaying the latching of signals from a precharged bus to a receiving circuit, thereby 
preventing the latching of precharge signals which causes undesirable precharge rippling. Data from the 
precharged data bus is conducted on data line 4. Latch 20 has an input connected to data line 4 and an 
output connected to a receiving circuit, labeled in FIG. 4 as asynchronous circuit 22. The gate of latch 20 is 

so connected to the output of a structure for enabling the latch so that precharge values are not conducted 
from the precharged bus to the asynchronous circuit 22. The structure for enabling includes an AND gate 
32 having an input line 34 carrying a DATA CLOCK s ignal, an inpu t line 36 carrying a DATA VALID signal, 
and an output connected to the gate of latch 20. The DATA VALID signal is the output of inverter 38 which 
receives the DATA VALID signal. The function of inverter 38 will be explained subsequently. 

55 As was previously discussed, the DATA CLOCK signal indicates when the precharged bus is in a data- 
drive phase and when it is in a precharge phase. In the example shown in FIG. 4, DATA CLOCK is high 
during data-drive phases, and low during precharge phases. The DATA VALID signal indicates when data is 
being driven on the bus. In the embodiment shown in FIG. 4, DATA VALID is low only when data is driven 
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on the precharged bus. The inverted DATA VALID signal and the DATA CLOCK signal are received by AND 
gate 32 such that the output of the AND gate is high only if the precharged bus is in a data-drive phase and 
data is being driven on the precharged bus. Thus, even if the precharged bus is in a data-drive phase, latch 
20 will not be enabled until valid data is actually being driven on the precharged bus. Therefore, the latch 

5 circuit of the present invention prevents the receiving of precharge values from the precharged bus to a 
receiving circuit such as the asynchronous logic 22. 

It may be preferred that the DATA VALID signal be received from an extra line 40 added to the 
precharged bus. The extra line 40 may be driven by a circuit of the same design as the circuits used to 
drive the data lines 42. For example, in a system which implements the circuit shown in FIG. 1 for driving 

10 the data lines 42, the extra line may be driven by a circuit of the same design as is shown in FIG. 6. In FIG. 
6, the extra line 40 may be driven by a driver 50 or may be pulled up to VDD by pull-up transistor 52. As 
was the case with the circuit shown in FIG. 1, the gate of pull-up transistor 52 is connected to a precharge 
phase indicator such that pull-up transistor 52 turns on and pulls the extra line 40 up to VDD during every 
precharge phase. Each driver 50 includes a transistor 54 and transistor 56 in series. The gate of transistor 

75 12 is tied to VDD. The gate of transistor 54 is controlled by a data-phase indicator ANDed with a driver 
enabling signal (ENABLEn) such that transistor 54 is turned on during a data-drive phase if that particular 
driver has been enabled. It should be noted that the ENABLEn signal tied to the gate of transistor 54 is the 
same ENABLEn signal as was shown in FIG. 1. The assertion of the ENABLEn signal causes the DATA 
SOURCEn signal of FIG. 1 to be driven onto the precharged bus and causes the extra line 40 of FIG. 6 to 

20 be driven low. Thus, it may be seen that the use of the same ENABLEn signal in both the circuit of FIG. 1 
and the circuit of FIG. 6 reduces the chance of erroneous assertion of the DATA VALID signal. It may also 
be seen from FIG. 6 that when the ENABLEn signal is not asserted, the extra line 40 is tri-stated and held 
to a high precharge value. 

It is also preferred that the extra line 40 carrying the DATA VALID signal have a loading similar to the 
25 loading of the other lines of the precharged bus. Because the data lines 42 and the extra line 40 have 
similar loading, the timing of the data and the DATA VALID signal will be the same. Thus, the assertion of 
DATA VALID will be received by latch circuit 30 at the same time that it receives valid data, thereby 
reducing the chance of latching precharge value, instead of valid data, into the receiving circuit 

It may be preferred in some applications of the present invention that, in order to further reduce the 
30 possibility of latching precharge value, latch 20 be enabled at some time after the data is driven onto the 
precharged bus. As is shown in FIG. 4, the latch circuit of the present invention may also include a structure 
for further delaying the latching of data from the precharged data bus to the asynchronous circuit. This 
structure for further delaying may include at least one inverter 38 having an input connected the extra line 
40 of the precharged bus and having an output connected to the AND gate 32. The inverter 38 delays the 
35 conduction of the DATA VALID signal to the input of the AND gate which, in turn, delays the low to high 
transition at the output of the AND gate 32. Thus, the enabling of latch 20 is further delayed from the time 
that valid data appears on data line 4 until the DATA VALID signal propagates through inverter 38 and AND 
gate 32. This delay allows for further assurance that only valid data will be received by the asynchronous 
logic. 

40 Based on the foregoing, it may be seen that the latch circuit embodying the present invention includes 
a input line such as data line 4, a latch connected between the input line and a receiving circuit, and a 
structure for enabling the latch such that precharge values are not conducted to the receiving circuit. The 
structure for enabling the latch may include an indicator signal for indicating when the precharged bus is 
being driven with data, a data clock signal for indicating data-drive phases, and a logic circuit that receives 

45 the indicator signal and the data clock signal and that generates an output that is asserted when the 
precharged bus is being driven with data during a data-drive phase. As was shown in FIG. 4, the indicator 
signal may be a DATA VALID signal conducted on an extra line 40 added to the precharged bus. In some 
embodiments of the present invention, the extra line 40 has the same loading as the other data lines 42 of 
the precharged bus. The logic circuit may be an AND gate 32. Also, the latch circuit of the present 

so invention may include at least one inverter 38 connected between the extra line 40 and the AND gate 32 
providing a delay between the time DATA VALID is asserted and the time DATA VALID is received by the 
AND gate 32. 

In order to facilitate the understanding of the usefulness of the latch circuit shown in FIG. 4, reference is 
now made to the timing diagram shown in FIG. 5. The timing and levels of the DATA CLOCK signal and 
55 data driven on data line 4 are the same as was depicted in FIG. 3. As was discussed previously, the DATA 
VALID signal indicates when valid data is driven onto a data line 4. In preferred embodiments of the present 
invention, the DATA VALID signal is conducted on an extra line 40 of the prec harged bus and is asserted at 
the same time that valid data appears on the data line 4. The DATA VALID signal shown in FIG. 5 is the 

5 



03/29/2004, EAST Version: 1.4.1 



EP 0 607 670 A1 



signal appearing at the output of the inverter 38, conducted on line 36. As can be seen from FIG. 5, the 
inverters 38 cause a delay between the time that DATA is driven on data line 4 and the time that the AND 
gate output (shown in FIG. 5 as the ENABLE signal) transitions to a high level. 

As was the case in FIG. 3, during TP1 a low signal is driven on the data line 4 and propagates through 

5 the asynchronous logic 22 resulting in a LOGIC OUTPUT signal on line 24. The asynchronous logic remains 
unchanged at time to when DATA CLOCK is driven high. As was discussed previously, without the use of 
the present invention, DATA CLOCK would at that time enable latch 20 while the data bus still retains its 
precharge value, which may result in precharge rippling and invalid data at LOGIC OUTPUT. With the use 
of the latch circuit, however, the enabling of latch 20 is delayed until valid data replaces the precharge value 

10 on the precharged bus. Referring again to FIG. 5, at time ti valid data is driven on the data line and DATA 
VALID is asserted on the extra line 40 of the precharged bus. The DATA VAL ID signal ass erted on extra 
line 40 propagates t hrough inverte r 38 and is received by AND gate 32 as the DATA VALID signal at time 
t2. The assertion of DATA VALID on line 36 causes the AND gate output (ENABLE) to go high which, in 
turn, enables latch 20 allowing conduction of the data from data line 4 to the asynchronous logic 22. Thus, it 

75 may be seen that the latch circuit of the present invention delays the enabling of latch 20 until valid data 
has replaced the precharge value on the precharged bus. Because the asynchronous logic does not receive 
precharge values, unnecessary transitions within the asynchronous logic are prevented and power con- 
sumption is reduced. 

Another instance of preventing undesirable precharge rippling may be shown as occurring during period 

20 TPS in FIG. 5. As was shown in FIG. 3, the precharge value may be received by and propagate through 
asynchronous logic 22 when no data is driven during a data-drive phase. With the use of the delayed latch 
of the present invention, however, this precharge rippling is prevented. Because valid data is not driven onto 
the precharged bus, the DATA VALID signal is not driven low during TPS. As a consequence, latch 20 is not 
enabled and changes that have occurred on data line 4 are not received by asynchronous logic 22, thereby 

25 preventing precharge rippling. 

Based on the foregoing, it may be seen that the latch circuit embodying the present invention delays 
the latching of electrical signals from the precharged bus to a receiving circuit such that the latching of 
precharge values are prevented. Without the latch circuit embodying the present invention, precharge 
values may be latched into a receiving circuit when valid data follows precharge values during a data-drive 

30 phase, or when no data is driven onto a precharged bus during a data-drive phase. The propagation of the 
precharge value through the receiving circuit may cause unnecessary transitions within the receiving circuit 
and an incorrect signal at its output. The latch circuit of the present invention prevents this precharge 
rippling and its undesirable effects. 

Obviously, numerous modification and variations are possible in view of the teachings above. Accord- 

35 ingly, within the scope of the appended claims, the present invention may be practiced otherwise than as 
specifically described hereinabove. 

Claims 

40 1. In a system in which data may be driven on a bus during a data-drive phase, a latch circuit for latching 
data from the bus to a receiving circuit, the latch circuit comprising: 
an input line for receiving data from the bus; 

a latch having an input and an output, the input connected to the input line, and the output 
connected to the receiving circuit; 
45 an enabling means for enabling the latch only when data is being driven on the bus during a data- 

drive phase. 

2. A latch circuit as recited in claim 1 wherein the enabling means comprises: 

a data-clock signal that indicates a data-drive phase; 
so a data-valid signal that is asserted only when data is driven on the bus; and 

a control circuit responsive to the data-clock signal and the data-valid signal, the control circuit 
delaying the enabling of the latch during a data-drive phase until data is driven on the bus. 

3. A latch circuit as recited in claim 2 wherein the latch has a gate, and wherein the control circuit 
55 comprises an AND gate having a first input connected to the data-clock signal, a second input 

connected to the data-valid indicator, and an output connected to the gate of the latch. 
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4. A latch circuit as recited in claim 2 wherein the data-valid signal possesses the same timing 
characteristics as the data driven on the bus. 

5. A latch circuit as recited in claim 2 wherein the bus has a plurality of data lines, and wherein the latch 
5 circuit further comprises an extra line added to the bus for conducting the data-valid signal, and 

wherein the extra line has the same loading as each of the plurality of data lines. 

6. A latch circuit as recited in claim 5 wherein an enable signal enables data to be driven onto the plurality 
of data lines, and wherein the enable signal enables the assertion of the data-valid signal on the extra 

10 tine. 

7. A latch circuit as recited in claim 1 further comprising a delay means for providing a delay between the 
time data is driven on the bus to the time the latch is enabled. 

75 a A latch circuit as recited in claim 2 further comprising a delay means for providing a delay between the 
time data is driven on the bus to the time the latch is enabled, the delay means comprising at least one 
inverter having an input connected to the data-valid signal and an output connected to the control 
circuit. 



20 9. An apparatus for controlling the receiving of data by a receiving circuit from a precharged bus, the 
precharged bus being driven to a precharge value during precharge phases and capable of being 
driven with data during data-drive phases, the precharged bus holding the precharge value when data 
is not driven on the precharged bus during a data-drive phase, the apparatus comprising: 
an input line for receiving data from the precharged bus; 
25 a latch for conducting signals from the input line to the receiving circuit; 

an enabling means for enabling the latch so that precharge values are not conducted to the 
receiving circuit. 

10. An apparatus as recited in claim 9 wherein the enabling means comprises: 

30 an indicator signal for indicating when the precharged bus is being driven with data; 

a data-clock signal for indicating when the precharged bus is in a data-drive phase; and 

a logic circuit receiving the indicator signal and the data-clack signal, the logic circuit having an 

output that is asserted when data is driven on the precharged bus while the precharged bus is in a 

data-drive phase. 

35 

11. An apparatus as recited in claim 10 wherein the logic circuit comprises an AND gate. 

12. An apparatus as recited in claim 10 further comprising a delay means for providing a delay between 
the time data is driven on the bus to the time the latch is enabled. 

40 

13. An apparatus as recited in claim 12 wherein the delay means comprises at least one inverter receiving 
the indicator signal and having an output connected to the logic circuit. 

14. An apparatus as recited in claim 10 wherein the precharged bus has a plurality of data lines, and 
45 wherein the apparatus further comprises an extra tine added to the precharged bus for conducting the 

indicator signal, and wherein the extra line has the same loading as each of the plurality of data lines. 

15. A method for delaying the latching of data from a bus to a receiving circuit, the method comprising the 
steps of: 

so indicating when data may be driven onto the bus; 

generating an data-valid signal that is asserted only when data is driven onto the bus; 
latching electrical signals from the bus to the receiving circuit when data may be driven onto the 
bus only if the data-valid signal is asserted. 

55 16. A method as recited in claim 15 further comprising the step of delaying the latching of electrical signals 
from the bus to the receiving circuit until some time after data is driven onto the bus. 
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17. A method of preventing the receipt by a receiving circuit of precharge values from a precharged bus, 
the precharged bus being driven to a precharge value during precharge phases and capable of being 
driven with data during data-drive phases, the method comprising the steps of: 

generating a data-clock signal that indicates the timing of data-drive phases and precharge phases; 

asserting an indicator signal when data is being driven on the precharged bus; 

combining the data-clock signal and the indicator signal into an enable signal, the enable signal 
being asserted when data is being driven on the precharged bus during a data-drive phase; 

enabling the conduction of electrical signals from the precharged bus to the receiving circuit only 
when the enable signal is asserted. 

1a A method as recited in claim 17 further comprising the step of delaying the step of enabling until after 
data is driven onto the bus. 

19. A method as recited in claim 18 wherein the step of delaying comprises the step of delaying the 
indicator signal through at least one inverter. 

20. A method as recited in claim 17 wherein the step of combining is accomplished by an AND gate. 

21. A method as recited in claim 17 wherein the step of enabling the conduction is accomplished by a latch 
having an input connected to the precharged bus, an output connected to the receiving circuit, and a 
gate controlled by the enable signal. 

22. A method as recited in claim 17 wherein the step of asserting an indicator signal comprises the step of 
producing the indicator signal such that the timing of the indicator is the same as the timing of data 
driven on the precharged bus. 

23. A method as recited in claim 22 wherein the precharged bus has at least one data line, and the step of 
producing the indicator signal comprises the steps of: 

providing the precharged bus with an extra line that has the same loading as the at least one data 
line; and 

conducting the indicator signal on the extra line. 
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